HIS STUDY was carried out at Sids Agricultural Research Station, Bani-Swef Governorate, Middle Egypt during the two successive seasons of 2014 and 2015, to study the effect of three plant spacings (15, 20 and 25 cm) and mepiquat chloride (MC) at three concentrations (50, 100 and 150 mg/l) on growth, productivity and quality of Egyptian cotton variety Giza 90. The treatments were arranged in field using a split plot in a randomized complete block design with three replications, where plant spacings were the main plots and MC were the sub plots. Results showed that the widest plant spacing (25 cm) achieved an increase in dry weight/plant, leaf area/plant, number of fruiting branches/plant, earliness percentage, number of open bolls/plant, boll weight, seed cotton yield/feddan, seed index, lint percentage, leaf mineral elements percentage and photosynthetic pigments concentration and seed content of oil and protein. While, plant height, shedding percentage, days to first bud appearance, first open flower and crackle first boll were decreased. On the other hand, node number of the first sympodium and fiber properties were not affected by plant spacings. Spraying MC at the concentration of 150 mg/l led to increased for each of number of fruiting branches/plant, earliness percentage, number of open bolls/plant, boll weight, seed cotton yield/feddan, seed index, lint percentage, leaf mineral elements percentage and photosynthetic pigments concentration, seed content of oil and protein, micronaire reading, fiber strength and fiber elongation. While, dry weight/plant, leaf area/plant, plant height, shedding percentage, node number of the first sympodium, days to first bud appearance, first open flower and crackle first boll were decreased.
strong fiber which is used as raw material for the textile industry. Cotton is not only the most important fiber crop of the world but, also its seed is the second best source for plant proteins after soybean and the fifth best oil-producing plant after soybean, palm-tree, colza and sunflower (Texier, 1993) . Cotton seed meal is the product remaining once the oil has been removed from seeds and can contain up to 41% protein (Smith, 1995) . Cotton seed meal is used in food products for animal feed due to its high protein and energy values. So, it is necessary to increase cotton cultivation area and productivity.
In spite of using high yielding cultivars and the best agronomic practices, the yields of Egyptian cotton have not increased substantially (Sawan et al., 2006) . Excess vegetative growth, poor bud development, flower shedding, and growth imbalance between the source and sink are responsible for the unpredictable behavior of the crop. Several approaches have been tried to break this yield plateau and among them application of plant growth regulators (PGRs); particularly mepiquat chloride (MC; 1,1-dimethyl-piperidinium chloride; also known as 'Pix') has received greater attention than the other PGRs in recent years. MC can be used to manage the vegetative development of cotton plants to offset the effect of excessive irrigation or N by decreasing both overall plant height and length of lateral branches (Boquet & Coco, 1993) . The advantage of MC has been that it gives producers the flexibility to modify plant growth to suit current growing conditions in order to maximize benefits (Landivar et al., 1995) . It enhances reproductive organs by allowing plants to direct more energy towards reproductive structures (Wang et al., 1995) . Application of MC improved leaf photosynthetic rate and increased lint yield (Zhao & Oosterhuis, 1999) . Nuti et al. (2000) stated that MC is thought to cause a shift in partitioning of photo-assimilates from vegetative to reproductive growth. Redistribution of assimilates between vegetative and reproductive growth may be one means by which yields can be increased.
Nowadays, cotton farmers are faced with the difficult task of selecting management strategies under rising production costs. One alternative method to combat these problems and to optimize profit is growing cotton in optimum plant spacing. Proper spacing of cotton plants can help maximize yield potential. Plant population is directly related to intra-and inter-row spacing of plants, which not only influences crop yield, but also its quality. Plant spacing is important in the establishment of an acceptable plant population for yield enhancement of cotton crop (Bednarz et al., 2005) . Maximum yield potential of cotton can be obtained by adopting the optimum plant density, fertilizer and better agronomic practices (Shekar et al., 2015) . Among different agronomic practices, plant spacing plays a key role in maintaining optimum plant population of cotton with improvement in its yield and quality (Nawaz et al., 2016) .
The main objective of this study was to investigate the interactive effects of different plant spacings and mepiquat chloride application on growth, earliness, yield and its components, chemical characters and fiber properties of Egyptian cotton.
Materials and Methods

Plant material, growing conditions, experimental design and treatments
This investigation was carried out at the Sids Agricultural Research Station, Bani-Swef Governorate, Middle Egypt during the two successive seasons of 2014 and 2015. Seeds of Giza 90 were sown in hills within rows on 1 Apr. 2014 and 3 Apr. 2015. The treatments were arranged in field using a split plot in a randomized complete block design with three replications, where three plant spacings (15, 20 and 25 cm) were the main plots and mepiquat chloride at the three concentrations (50, 100 and 150 mg/l) were the sub plots. Sub plots consisted of 5 ridges 60 cm apart and 3.5 meters long (10.5 m 2 ). Thinning was done before the first irrigation to produce two plants per hill. Mechanical analysis (Kilmer & Alexander, 1940) and chemical characteristics (Chapman & Pratt, 1961) for soil in both seasons are illustrated in Table . During soil preparation and plant growth, the soil was supplemented with the full dose of NPK fertilizer according to the recommendations of the Ministry of Agriculture and Land Reclamation. Phosphorus fertilizer as superphosphate (15.5% P 2 O 5 ) at the levels of 30 kg P 2 O 5 /feddan was incorporated during seed bed preparation. Nitrogen fertilizer in the form of ammonium nitrate (33.5% N) at the rate of 60 kg N/faddan was applied in two equal doses, immediately before the first and the second irrigations. Potassium fertilizer was applied in the form of potassium sulfate (48% K 2 O) at the level of 48 kg K 2 O/feddan was sidedressed in one dose before the second irrigation. All other recommended agricultural practices were followed as recommended by the Ministry of Agriculture and Land Reclamation.
Field sampling and data collection
Growth attributes The samples were taken at random from each experimental plot at 120 days after sowing to determine dry weight/plant (g) and leaf area/plant (dm 2 ) as calculated by the disc method according to Johnson (1967) by the following formula: LA/P (dm 2 ) = Leaf dry weight/plant x Discs area/Disc dry weight. Plant height (cm) and number of fruiting branches/plant were counted from ten sampled plants at harvest and then the average per plant was calculated. Shedding percentage was calculated during the flowering and fruiting periods by the following formula :
Total No. of flowers/plant
Earliness parameters
Node number of the first sympodium, days to first bud appearance, first open flower and crackle first boll were recorded. In addition earliness percentage was calculated according to the following equation :
Seed cotton yield of the first pick (kg)
Total seed cotton yield (kg)
Yield and its components
At harvest, ten guarded plants from each experimental unit were randomly chosen from the central ridge to determine number of open bolls/plant and boll weight (g). Total seed cotton yield of each plot in kilograms (including 10 plant subsamples) was then transformed to kentars per feddan and ginned to determine the seed index (g). Lint percentage was calculated according to the following equation :
Weight of lint cotton
Weight of seed cotton
Chemical analysis
Samples of the upper fourth leaves were collected at 15 days after the spraying MC to determine leaf mineral elements percentage, i.e. total nitrogen as described by the method of Horneck & Miller (1998) , phosphorus by the method of Sandell (1950) , potassium by the method of Horneck & Hanson (1998) and (Ca & Mg) by the AOAC (1990) method. Leaf photosynthetic pigments concentration (chlorophyll a, b and carotenoids in mg/g FW) were estimated following the procedure given by Lichtenthaler (1987) . Leaf samples (0.5 g) were homogenized in 50 ml 90% (v/v) acetone and centrifuged at 10,000 × g for 10 min. The absorbance of each acetone extract was measured at 665, 649, and 440 nm using a UV-160A UV-visible spectrophotometer (Shimadzu, Kyoto, Japan). Oil and protein content were determined in the seeds by the methods described by AOAC (1990) .
Fiber properties
The measurements of fiber properties were carried out in the Cotton Technology Research Division, Cotton Research Institute, Giza, Egypt. Fiber tests were conducted at a relative humidity of 65 ± 2% and a temperature of 20 ± 1 °C to determine fiber length in terms of 2.5 span length (mm) and uniformity ratio as measured by a digital fibrograph (ASTM, 1998a) . Micronaire reading, including combined measure of fiber fineness and maturity was measured by a micronaire instrument (ASTM, 1998b) . Fiber strength in gram/tex was measured by stelometer at 1/8 inch gauge length and fiber elongation% (ASTM, 1998c) .
Statistical analysis
Data were statistically analyzed by using Fisher's analysis of variance techniques and differences among treatment means were compared using least significant difference test at 5% probability level (Steel et al., 1997) .
Results and Discussion
The obtained results will be discussed under the following topics; growth, earliness, seed and lint yields besides chemical and fiber properties as affected by different plant spacings and mepiquat chloride.
Growth attributes
Effect of plant spacings Data presented in Table 2 indicate that plant spacings significantly affected all growth attributes during the two seasons. Dry weight/plant, leaf area/plant and number of fruiting branches/plant tended to increase as plant spacings were increased from 15 up to 25 cm. These increases might be due to that expanding hill spacing, plants would have better opportunity to produce more metabolite contents. This would in turn have a positive effect on these characters. On the other hand, plant height at harvest and shedding percentage tended to decrease as plant spacings were increased from 15 up to 25 cm. These results are in agreement with those obtained by El-Hindi et al. (2006) , Ali et al. (2009) and Awan et al. (2011) . Table 2 reveale that all growth attributes under study were significantly affected by application of different concentrations of mepiquat chloride in the two seasons. Spraying MC at the concentration of 150 mg/l led to significantly reduced dry weight/plant, leaf area/plant, plant height at harvest and shedding percentage as compared to other concentrations. These reductions due to MC application that could be explained on the basis that MC partially inhibit one of the enzymes that are involved in gibberellic acid biosynthesis which is an important plant hormone for all elongation. While, the number of fruiting branches/plant in the same treatment significantly increased. Similar results were obtained by Ali & El-Sayed (2001) and Elayan et al. (2013) . 
Effect of mepiquat chloride Data in
Effect of the interaction
The interaction effect between plant spacings and mepiquat chloride had a significant effect on growth attributes in both seasons as presented in Table 3 . The widest spacing between plants (25 cm) with high concentration MC (150 mg/l) achieved a decrease in dry weight/plant, leaf area/plant, plant height at harvest and shedding percentage, whereas number of fruiting branches/plant was increased. The same results were obtained by Nichols et al. (2003) .
Earliness parameters
Effect of plant spacings Results recorded in Table 4 show the effect of plant spacings on earliness parameters during the 2014 and 2015 seasons. Plant spacings had no significant effect on node number of the first sympodium. Extensive plant spacing (25 cm) gave better earliness, indicated by low values for the days to first bud (35.11 and 37.11), first flower (83.25 and 83.73) and first boll (131.03 and 131.73) and high earliness percentage (65.89 and 67.00%) in the two growing study respectively, as compared to the dense spacings. These results might be due to low plant spacings tending to furnish less competition between plants for light intensity as well as nutrients and moisture, these conditions helped to produce plants with vigorous vegetative growth and enhancing the initiation of first flower and this in turn the first boll early opening. These results are in harmony with those obtained by El-Shahawy et al. (1994) , Makram et al. (1994) and Abdel-Malak et al. (1996) . 
Effect of mepiquat chloride
From Table 4 it is evident that mepiquat chloride concentrations had a significant effect on all earliness parameters during the two seasons. Results indicated that applying MC at 150 mg/l gave lower node number of the first sympodium (5.79 and 6.25) and enhanced maturation as indicated by reducing days to first bud (35.23 and 35.13), first flower (82.17 and 81.71), consequently first boll (131.00 and 131.51) and increasing earliness percentage (65.73 and 66.01%) in first and second seasons respectively, as compared to rates at 50 or 100 mg/l. These results could be ascribed on the basis that as MC reduces plant growth it causes a more open canopy which allows better light penetration and aeration and therefore a more favorable microclimate for boll maturation. Similar results were obtained by El-Sayed (2006) and Emara et al. (2009) .
Effect of the interaction
The interaction between of the two studied treatments had a significant effect on all earliness parameters except node number of the first sympodium in the two growing seasons. Data in Table 5 reveal that the lowest values of days to first bud, first flower and first boll were obtained from plants sown on 25 cm between hills with using MC at 150 mg/l, while gave the highest values of earliness percentage. The obtained results may be in line with those presented by Iqbal et al. (2007) . were significantly increased in favour of widest spacing (25 cm) in both seasons. The averages of these components were 17. 93, 2.93 g, 9.23 kentar, 9.83 g, and 35.19% in 1 st season, respectively. The corresponding values were 18.13, 2.97 g, 9.73 kentar, 10.01 g and 36.00% in 2 nd season in respective order. This increase may be due a more canopy that allows better light and air penetration and therefore increasing metabolites in plants tissues. Similar findings were obtained by Sarkar & Malik (2004) and Somro et al. (2005) reported that the wider and optimum plant spacing enables plants to capture solar radiation which in turn increase the photosynthesis of the plants and ultimately yield and its components in cotton plants. 
Effect of mepiquat chloride
As shown in Table 6 there was significant effect of mepiquat chloride on yield and its components during the two seasons. The highest values of the number of open bolls/plant, boll weight, seed cotton yield/feddan, seed index and lint percentage were obtained by use 150 mg/l. The average values were 16.95, 2.73 g, 9.03 Kentar, 10.00 g and 35.89%, in the first season, respectively. The same trend was obtained in the second season. The above results could be ascribed to the fact that MC acts as a reducer to abscisic acid and ethylene hormones which in turn increases boll retention and consequently more open and heavier bolls. These results are in agreement with those obtained by El-Shahawy (1999) and Ahmed et al. (2014) .
Effect of the interaction
The interaction of plant spacings x mepiquat chloride had a significant effect on yield and its components in both seasons (Table 7) . The highest values of the number of open bolls/plant, boll weight, seed cotton yield/feddan, seed index and lint percentage were obtained from combination (25 cm x 150 mg/l). These results support those reported by Nichols et al. (2003) . 
Chemical characters Effect of plant spacings
All chemical characters were significantly affected by plant spacings during the two seasons (Tables 8 and 9 ). The maximum values of mineral elements (i.e., N, P, K, Mg and Ca), photosynthetic pigments (i.e., chlorophyll a, b and carotenoids), oil and protein content were obtained from the widest spacing (25 cm). These results are in line with those reported by Jat & Nanwal (2013) . Tables 8 and 9 indicate significant effect of mepiquat chloride on all chemical characters during the two seasons. MC at 150 mg/l increased leaf mineral elements percentage (i.e. N, P, K, Mg and Ca) coupled with increased leaf photosynthetic pigments concentration (i.e. chlorophyll a, b and carotenoids), in addition to increased seed content of oil and protein. This result is in full agreement with that obtained by Mehasen et al. (2012) . 
Effect of mepiquat chloride Data in
Effect of the interaction
The effect of interaction between plant spacings and mepiquat chloride had a significant effect on all of the studied chemical characters in the both seasons as presented in Tables 10 and 11 . The widest spacing between plants (25 cm) with high concentration MC (150 mg/l) exhibited increase in N, P, K, Mg, Ca%, chlorophyll a, b, carotenoids, oil and protein content as compared to the other treatments. These results are in agreement with those reported by Shekar et al. (2015) . 
Fiber properties Effect of plant spacings
Fiber properties included length measurements (fiber length and uniformity ratio), fiber bundle tensile properties (fiber strength and elongation) and micronaire reading. Plant spacings had no significant effect on fiber properties in the two seasons (Table 12) . Similar results were obtained by Elayan et al. (2008) . 
Effect of mepiquat chloride
As shown in Table 12 , micronaire reading, fiber strength and elongation% were significantly affected by application of mepiquat chloride, while fiber length and uniformity ratio were insignificant during the two seasons. The mean values of micronaire reading, fiber strength and elongation% were increased by the use of the higher MC concentration (150 mg/l). Similar results were obtained by Sawan et al. (2006) . Table 13 indicated that each of fiber length, uniformity ratio, micronaire reading, fiber strength and elongation% were insignificantly affected by the interaction between plant spacings and mepiquat chloride in the both seasons. Similar results were obtained by Nichols et al. (2003) . 
Effect of the interaction
